Abstract: Maintenance therapy for advanced nonsmall cell lung cancer has shown some clinical benefit for patients by improving progression-free survival and, to a lesser extent, overall survival. Two main strategies exist for maintenance therapy, ie, continuation and switch maintenance. Continuation maintenance involves the continued use of one of the induction drugs beyond 4-6 cycles of initial treatment. Switch maintenance utilizes a third agent initiated after first-line chemotherapy. Both cytotoxic agents and targeted agents have been studied. Switch maintenance therapy with pemetrexed in nonsquamous tumors and erlotinib appear to show the most clear clinical benefit. Continuation maintenance with bevacizumab has shown improvement in progression-free survival. Data concerning the role of cetuximab for maintenance is conflicting. Toxicity, quality of life, and cost are important confounding issues that need to be considered. Several ongoing Phase III trials are investigating strategies to improve on the current agents as well as testing promising new therapies.
Introduction
Lung cancer is the most lethal cancer, accounting for 157,300 of the 569,490 predicted cases of cancer death in the US for 2010. 1 Nonsmall cell lung cancer (NSCLC) accounts for the majority of these cases. Despite modest advances in the treatment of NSCLC with chemotherapy and targeted agents, the majority of patients present with distant disease (about 55%) and have a dismal 5-year overall survival rate of 4%. 1 Thus, there is a pressing need to improve outcomes for patients with advanced NSCLC. The current standard first-line treatment for patients with newly diagnosed advanced NSCLC and a good performance status is cytotoxic chemotherapy with a platinum doublet. 2 Unfortunately, the median overall survival remains less than one year even in patients who receive standard first-line chemotherapy. 3 This review seeks to explore the efficacy and practicality of maintenance therapy, a strategy that has gained prominence in recent years. Maintenance therapy is considered to be the use of chemotherapy in the absence of disease progression following the accepted 4-6 cycles of first-line treatment with a platinum-containing regimen. 4 In this paper, we review the published Phase III evidence for maintenance therapy in NSCLC and will discuss competing issues of toxicity and cost-effectiveness.
Efficacy of maintenance therapy for NSCLC
The efficacy of maintenance therapy for advanced NSCLC is a controversial topic that has recently been reviewed. [5] [6] [7] The primary benefit of maintenance therapy appears to be the extension of progression-free survival, as demonstrated in a recent meta-analysis analyzing 13 randomized control trials and 3027 patients. The authors found that by extending chemotherapy, the progression-free survival was statistically improved (hazard ratio [HR] : 0.75; 95% confidence interval [CI] : 0.69-0.81; P , 0.00001). The overall survival was also improved but the magnitude of the benefit was much less (HR: 0.92; 95% CI: 0.86-0.99; P = 0.03). 8 This review explores the two major approaches to maintenance therapy for advanced NSCLC, ie, continuation and switch maintenance, and examine the major trials that have led to the acceptance of this approach to patient care. We will also discuss issues related to toxicity, quality of life, and cost.
Continuation maintenance therapy
Continuation maintenance therapy is defined as the continued administration of one of the first-line agents after the standard 4-6 cycles of induction chemotherapy in the absence of disease progression. 4 Several different cytotoxic agents as well as targeted agents have been studied in this setting (Tables 1 and 2 , respectively). Gemcitabine and paclitaxel are two chemotherapeutic agents that have been systematically investigated in randomized Phase III trials. Pemetrexed has also shown promise as continuation maintenance therapy in a Phase II trial in combination with bevacizumab. 9 In the Phase II study reported by Patel et al, chemotherapy-naïve patients with stage IIIB or IV nonsquamous NSCLC with stable or responsive disease following six cycles of pemetrexed 500 mg/m 2 , carboplatin area under the curve (AUC) 6, and bevacizumab 15 mg/kg given every 3 weeks were continued on maintenance pemetrexed and bevacizumab until disease progression or unacceptable toxicity. Fifty patients were enrolled, 60% were able to participate in the continuation phase, and the overall response rate was 55% in 49 assessable patients. Median progression-free survival and overall survival were 7.8 (95% CI: 5.2-11.5 months) and 14.1 months (95% CI: 10.8-19.6 months), respectively, with acceptable toxicity. 9 Randomized Phase III data for pemetrexed continuation maintenance is presently an area of active investigation but has not yet been reported.
Gemcitabine
The use of gemcitabine for continuation maintenance therapy for advanced NSCLC has been studied in three randomized controlled trials, [10] [11] [12] two of which have demonstrated an improvement in progression-free survival on the order of 1-2 months. 10, 11 No trials to date have shown a survival benefit for the continuation of gemcitabine beyond its use in a first-line platinum doublet. Brodowicz et al 10 investigated the use of gemcitabine maintenance therapy of 1250 mg/m 2 on days 1 and 8 of a 21-day cycle in patients with stage IIIB/IV NSCLC who had no worse than stable disease following an initial regimen of gemcitabine 1250 mg/m 2 on days 1 and 8 of a 21-day cycle and cisplatin 80 mg/m 2 on day 1. Seventy-three percent (n = 257) of the initial 352 patients had at least stable disease after induction therapy; 206 patients were ultimately randomized in a 2:1 fashion to gemcitabine maintenance (n = 138) or best supportive care (n = 68). Time to progression (primary endpoint of the study) was significantly longer in the maintenance arm for both the entire study period (6.6 vs 5.0 months, P , 0.001) and maintenance period (3.6 vs 2.0 months, P , 0.001). Overall survival showed a nonsignificant increase for the entire study period (13.0 vs 11.0 months, P = 0.195) and for the maintenance period (10.2 vs 8.1 months, P = 0.195), and a similar proportion of patients in each arm proceeded on to second-line therapy after progression (56.6% vs 57.1% for the maintenance and best supportive care arms, respectively). 
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Maintenance treatments for NSCLC The second Phase III trial to demonstrate improvement in progression-free survival with gemcitabine continuation therapy was reported in abstract form by Perol et al 11 at the 2010 annual meeting of the American Society of Clinical Oncology. This study randomized nonprogressing patients with advanced NSCLC to one of three arms after initial treatment with cisplatin and gemcitabine -gemcitabine maintenance 1250 mg/m 2 on days 1 and 8 of a 21-day cycle, erlotinib maintenance 150 mg/day, or observation. Progression-free survival was improved from 1.9 months in the observation arm to 3.8 months in the gemcitabine arm (HR: 0.55, 95% CI: 0.43-0.70; P , 0.0001) but median overall survival was not significantly improved. The investigators mandated the use of pemetrexed for progressive disease, which was received by 55% of patients in the gemcitabine arm and 72% in the observation arm. Grade 3-4 treatment-related adverse events were 27% in the gemcitabine group vs 2% in the observation group.
The third Phase III study to investigate gemcitabine as continuation maintenance therapy, also presented at the 2010 annual meeting of the American Society of Clinical Oncology, showed no improvement in either progressionfree survival or overall survival. 12 It was limited by slow accrual, failing to reach the projected 238 target events over 6 years. Furthermore, 25% of the patients had a performance status of 2 or greater. 6, 12 In total, 519 patients with advanced NSCLC were enrolled and treated with gemcitabine 1000 mg/m 2 on days 1 and 8 and carboplatin AUC 5 every 3 weeks for four cycles. Two hundred and fifty-five patients (49%) did not have disease progression and were subsequently randomized to maintenance gemcitabine plus best supportive care (n = 128) vs best supportive care alone (n = 127). Results showed no benefit for maintenance therapy in regard to overall survival (8.0 months for maintenance and 9.3 for best supportive care) or progression-free survival (3.9 months for maintenance and 3.8 months for best supportive care).
Paclitaxel
One Phase III trial reported by Belani et al provides some evidence of benefit for continuation maintenance therapy with paclitaxel. 13 In this trial, 401 patients were randomized to one of three different first-line regimens combining paclitaxel and carboplatin. Patients with stable disease or better at 16 weeks were then randomized to paclitaxel 70 mg/m 2 given three out of four weeks until progression (n = 65) vs observation (n = 65). Although this study was primarily designed to test the various first-line treatment arms and not for any significant maintenance differences, the maintenance arm did have improvements in both time to progression (38 vs 29 weeks) and overall survival (75 vs 60 weeks). In the maintenance arm, 45% of patients reported at least one grade 3 or 4 adverse event. Unfortunately due to sample size, a definitive statement on maintenance therapy could not be made by the investigators, and further investigation of paclitaxel as maintenance therapy is needed. 14, 15 Three targeted agents directed against the EGFR pathway have been investigated as maintenance therapy for advanced NSCLC, ie, the monoclonal antibody, cetuximab, and the tyrosine kinase inhibitors, erlotinib and gefitinib. Most of these noncytotoxic agents have been studied in combination with a platinum-doublet as first-line induction chemotherapy regimen followed by continuation maintenance of the targeted agent.
Cetuximab
The benefit of cetuximab as continuation maintenance therapy is unclear given the conflicting results of the two published Phase III trials. 16, 17 The FLEX trial enrolled patients with advanced NSCLC whose tumors expressed EGFR to first-line chemotherapy (cisplatin 80 mg/m 2 on day 1 and vinorelbine 25 mg/m 2 on days 1 and 8) plus cetuximab (400 mg/m 2 on day 1 and 250 mg/m 2 weekly starting on day 8) or chemotherapy alone every 3 weeks for up to six cycles. 16 After six cycles, the cetuximab-containing arm continued cetuximab until disease progression or excessive toxicity. Using an intention-to-treat analysis, 1125 patients were assigned to treatment (548 to chemotherapy plus cetuximab and 562 to chemotherapy alone). Two hundred and forty-one of the 548 patients (44%) in the cetuximab arm were able to continue on with maintenance cetuximab. Progression-free survival was not improved, but the median overall survival in the cetuximab arm was 11.3 months compared with 10.1 months in the chemotherapy alone arm, a result that was statistically significant although marginal (P = 0.044). Response rate was also improved in the cetuximab arm (36% vs 29%, P = 0.010). Quality of life was reported as similar in the two arms, but the rate of return of the questionnaires was less than 15%. Despite increased neutropenic fever (22% vs 15%), acne-like rash (10% vs ,1%), diarrhea (5% vs 2%), and infusion-related reactions (4% vs ,1%) for the cetuximab group vs chemotherapy alone, treatment-related death rates were similar (3% vs 2%).
The BMS099 trial investigated the benefit of cetuximab with chemotherapy in an unselected population of 676 chemotherapy-naïve patients with advanced NSCLC. 17 Patients were randomized to carboplatin AUC 6 with either paclitaxel 225 mg/m 2 or docetaxel 75 mg/m 2 given once every 3 weeks for up to six cycles with or without cetuximab 400 mg/m 2 on day 1, then 250 mg/m 2 weekly. The primary endpoint of the study was progression-free survival; overall survival, quality of life, and safety were secondary endpoints. Like the FLEX trial, response rate was improved with the addition of cetuximab (25.7% vs 17.2%, P = 0.0066) but there was no significant improvement in either progressionfree survival (4.4 months with cetuximab vs 4.2 months without, P = 0.236) or overall survival (9.69 months with cetuximab vs 8.38 months without, P = 0.169). Interestingly, subset analysis did suggest a more pronounced benefit on progression-free survival with the addition of cetuximab in patients with a performance status of 0 (HR: 0.73, 95% CI: 0.54-0.99), in patients treated with docetaxel (HR: 0.78, 95% CI: 0.61-0.99), and in patients with squamous cell histology (HR: 0.70, 95% CI: 0.47-1.05) but no increased benefit was found for overall survival.
Erlotinib
Two Phase III trials, ie, TRIBUTE and TALENT, 18, 19 have investigated the role of erlotinib as continuation maintenance therapy in an unselected population with advanced NSCLC. In the TRIBUTE trial, erlotinib 150 mg/day or placebo was given with paclitaxel 200 mg/m 2 on day 1 and carboplatin AUC 6 on day 1 once every 21 days for up to six cycles. The treatment plan for the TALENT trial was similar, except the chemotherapy consisted of gemcitabine 1250 mg/m 2 on days 1 and 8 and cisplatin 80 mg/m 2 on day 1. In the TRIBUTE trial, 539 patients were randomized to the erlotinib arm and 540 to the placebo arm. Overall survival (the primary endpoint of the study) was not significantly improved in the erlotinib arm (10.6 vs 10.5 months, P = 0.95). Response rate and time to progression were also not better in the study arm. However, on subset analysis, never-smokers were noted to have a survival advantage (22.5 vs 10.1 months; HR: 0.49, 95% CI: 0.28-0.85; P = 0.01). Similarly, TTP was greater in never-smokers (6 months vs 4.3 months; HR: 0.50, 95% CI: 0.31-0.80; P = 0.002). Toxicities were similar between the groups, except for the anticipated increased rash and diarrhea in the erlotinib arm. 18 The TALENT study randomized 586 patients to erlotinib plus chemotherapy with cisplatin and gemcitabine and 586 patients to placebo plus the same chemotherapy. As with the TRIBUTE trial, overall survival was not improved for the erlotinib arm (43 vs 44.1 weeks, P = 0.49). Time to progression and response rate were not significantly different, but the duration of response was slightly longer in the erlotinib group (25.4 vs 23.9 weeks, P = 0.045). Never-smokers in the erlotinib arm also seemed to 
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Maintenance treatments for NSCLC do better in this trial. 19 Data on never-smokers was collected retrospectively. The median overall survival for smokers was 11.4 months with placebo and not reached with erlotinib. Median progression-free survival was similarly greater in never-smokers on erlotinib than placebo, at 7.9 vs 5.4 months, respectively (P = 0.02).
Gefitinib
Similar to erlotinib, gefitinib has been studied in combination with cytotoxic chemotherapy regimens and has shown similar disappointing results as continuation maintenance therapy. The INTACT 1 and 2 trials investigated the use of cytotoxic chemotherapy in combination with gefitinib. 20, 21 The platinum-based doublet for INTACT 1 was cisplatin 80 mg/m 2 on day 1 and gemcitabine 1250 mg/m 2 on days 1 and 8 given once every 21 days for up to six cycles. INTACT 2 used carboplatin AUC 6 on day 1 and paclitaxel 225 mg/m 2 on day 1 once every 21 days for up to six cycles. In both trials, chemotherapy was combined with gefitinib 500 mg/day, 250 mg/day, or placebo, with continuation of this agent after the six cycles of induction chemotherapy until disease progression. The primary endpoint for both trials was overall survival. The results did not show a benefit of adding gefitinib to chemotherapy, and there was actually a nonsignificant trend towards better survival in the placebo groups. The secondary endpoints of progression-free survival, time to progression, and response rate also did not show a benefit.
Antiangiogenic therapy: bevacizumab
Bevacizumab, a monoclonal antibody to circulating vascular endothelial growth factor, is approved for use as first-line treatment along with carboplatin and paclitaxel in patients with nonsquamous NSCLC. 22 Two Phase III trials have investigated the use of bevacizumab as continuation maintenance therapy, both showing improvement in progression-free survival. The ECOG 4599 study randomized 878 patients with recurrent or incurable nonsquamous NSCLC to receive either carboplatin AUC = 6, paclitaxel 200 mg/m 2 , and bevacizumab 15 mg/kg or carboplatin and paclitaxel alone. Treatment was given on day 1 every 3 weeks for up to six cycles. Of the 407 patients in the bevacizumab-containing arm, 215 (53%) were able to proceed on to single-agent bevacizumab maintenance and 107 (50%) of these patients received five or more cycles. Both progression-free survival (6.2 vs 4.5 months, P , 0.001) and overall survival (12.3 vs 10.3 months, P = 0.003) were improved in the bevacizumab arm. However, there were 15 treatment-related deaths in the bevacizumab arm compared with two in the chemotherapy arm (P = 0.001), mainly due to either hemorrhage or neutropenic fever.
The second Phase III trial investigating bevacizumab maintenance, the AVAiL trial, treated 1043 patients with advanced nonsquamous NSCLC with cisplatin 80 mg/m 2 on day 1 and gemcitabine 1250 mg/m 2 on days 1 and 8 with or without bevacizumab at either 7.5 mg/kg or 15 mg/kg once every 3 weeks for up to six cycles. Maintenance bevacizumab or placebo was continued in nonprogressing patients at the same doses. Progression-free survival was the primary endpoint with overall survival being a secondary endpoint. Of the randomized patients, 345 were assigned to the lower dose bevacizumab, 351 to the higher dose, and 347 to placebo, with 145 (42%), 145 (41%), and 128 (37%) proceeding on to single agent maintenance, respectively. The bevacizumab arms had significantly better response rates (low-dose 34.1%, high-dose 30.4%) compared with placebo (20.1%) as well as progression-free survival (HR: 0.75, 95% CI: 0.64-0.87; P = 0.0003 for bevacizumab 7.5 mg/kg and HR: 0.85, 95% CI: 0.73-1.00; P = 0.0456 for bevacizumab 15 mg/kg), 23 but overall survival was not improved (13.1 months for placebo vs 13.6 for bevacizumab 7.5 mg/kg and 13.4 for bevacizumab 15 mg/kg).
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Switch maintenance therapy
Switch maintenance therapy involves the initiation of a cytotoxic or targeted agent that was not part of the first-line chemotherapy regimen, following the standard 4-6 cycles in the absence of disease progression. To date, there have been three randomized Phase III trials employing cytotoxic chemotherapy (Table 3 ) and five randomized Phase III trials utilizing targeted agents (Table 4) in the switch-maintenance approach that have been reported in the literature.
Cytotoxic chemotherapeutic agents vinorelbine
The first Phase III trial to investigate switch maintenance therapy was reported by Westeel et al using vinorelbine after first-line platinum-based chemotherapy. 25 The trial enrolled 573 chemotherapy-naïve patients with advanced NSCLC between 1994 and 2000 who received treatment with mitomycin, ifosfamide, and cisplatin. Patients were divided into stage IIIB and wet stage IIIB/stage IV. The former group received two cycles of mitomycin, ifosfamide, and cisplatin followed by thoracic irradiation and the latter received four cycles of chemotherapy. A total of 227 patients (39%) responded to treatment and 181 patients were randomized to vinorelbine 25 mg/m 2 /week for 6 months (n = 91) vs observation (n = 90). There was no 
NSCLC who were treated with four cycles of carboplatin and gemcitabine then randomized to immediate vs delayed docetaxel. 26 Gemcitabine 1000 mg/m 2 on days 1 and 8 and carboplatin AUC 5 on day 1 were given once every 21 days for four cycles. Patients with no evidence of disease progression were eligible for maintenance therapy with docetaxel. A total of 309 eligible patients were randomized to receive immediate docetaxel 75 mg/m 2 on day 1 of 21-day cycles for up to six cycles vs delaying treatment with docetaxel until evidence of disease progression. The significant finding in this trial was the improvement in progression-free survival from 2.7 months to 5.7 months (P = 0.0001) favoring the immediate approach strategy. Whilst the median overall survival was prolonged for the immediate docetaxel group, it did not reach statistical significance (12.3 vs 9.7 months, P = 0.08). Neutropenia, fatigue, and dyspnea were the predominant grade 3 and 4 adverse effects, with similar rates in both arms. This study included a quality of life questionnaire, with 85.8% and 71.9% compliance rates in the immediate and delayed arms, respectively, and no statistical difference noted (P = 0.76). Of note, there was a striking difference in the percentage of patients who actually received the prescribed treatment (94.8% vs 62.8% in the immediate and delayed docetaxel groups, respectively). Progressive disease and patient decision were cited as the major causes for the decreased rate in the latter group. When analysis of the patients in the immediate and delayed docetaxel groups was limited to only patients who actually received the drug, the survival was 12.5 months for both groups. The authors concluded that earlier exposure to therapy while patients are at their most robust functional status would yield the most promising results.
Pemetrexed
The second Phase III trial published in 2009 investigating switch maintenance chemotherapy for advanced NSCLC e patients were enrolled and randomized after induction chemotherapy; f total number enrolled prior to induction therapy was not given. Ultimately 768 patients without disease progression were randomized to the maintenance arms. Abbreviations: OS, overall survival; PFS, progression-free survival. 
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Maintenance treatments for NSCLC involved the antifolate agent, pemetrexed, and ultimately led to approval by the US Food and Drug Administration for its use as maintenance therapy. Ciuleanu et al conducted a randomized, double-blind study that enrolled 754 patients from 20 countries with stage IIIB or IV disease. 27 A total of 663 patients who received their initial therapy with a platinum-based regimen without evidence of disease progression were randomized in a 2:1 fashion to receive pemetrexed (500 mg/m 2 on day 1) vs placebo until disease progression. Treatment was administered in 21-day cycles. The 441 patients enrolled in the pemetrexed arm demonstrated superiority in the primary and secondary endpoints of progressionfree survival and overall survival, respectively, over the 221 patients who received placebo. The median progression-free survival for those patients who received pemetrexed was 4.3 months vs 2.6 months in the placebo arm (HR: 0.50, 95% CI: 0.42-0.61, P , 0.0001). Similarly, the pemetrexed maintenance therapy conferred a 2.8-month difference in overall survival over placebo (13.4 vs 10.6 months; HR: 0.79, 95% CI: 0.65-0.95; P = 0.012). Of note, patients with nonsquamous histology fared the best, with median survival times of 15.5 vs 10.3 months in the pemetrexed and placebo arms, respectively (HR: 0.70, 95% CI: 0.56-0.88; P = 0.002). In comparison, tumors of squamous histology had a median survival of 9.9 vs 10.8 months, respectively (HR: 1.07, 95% CI: 0.77-1.50; P = 0.678). Statistically significant grade 3 and 4 toxicities included fatigue in 5% (P = 0.0001) and neutropenia in 3% (P = 0.006) of patients who received pemetrexed. With regards to quality of life, pemetrexed significantly delayed the worsening of pain (P = 0.041) and hemoptysis (P = 0.038). The authors disclosed the data on postdiscontinuation treatment and notably only 67% of patients in the placebo arm received antineoplastic agents. Of these patients, only 18% received pemetrexed for secondline treatment, with the predominant choice being docetaxel (29%). This last point has been a consistent criticism of this trial because conclusions could not be drawn about the timing of pemetrexed administration. However, the rate of secondline therapy in the delayed arm is very similar to other trials of this design, 26 and supports the authors' conclusion that delay in therapy potentially increases the risk that patients may never receive additional therapy.
Targeted agents
As seen with continuation maintenance, targeted agents have also been studied in the switch maintenance setting. Targeted agents that have been studied include the EGFR tyrosine kinase inhibitors gefitinib and erlotinib and the monoclonal antibody bevacizumab. Table 4 summarizes the results of the major Phase III trials that employed these agents in a switch maintenance approach.
Similar to the previously discussed studies showing no benefit of continuation maintenance therapy with the EGFR tyrosine kinase inhibitors, gefitinib as switch maintenance therapy for NSCLC has not shown any survival benefit. Takeda et al reported the findings of the randomized Phase III gefitinib maintenance trial conducted by the West Japan Thoracic Oncology Group trial (WJTOG0203). 28 A total of 604 patients with advanced NSCLC were enrolled and subsequently randomly assigned to receive either platinum-based doublet chemotherapy for up to six cycles (arm A, n = 301) or three cycles of the same regimen followed by gefitinib until evidence of disease progression (arm B, n = 302). One patient was entered into both arms in error. Three patients in arm A and two patients in arm B did not receive chemotherapy. Thus 598 patients were analyzed. The primary endpoint of overall survival was not met, with median survival times of 12.9 and 13.7 months for the chemotherapy only and gefitinib maintenance arms, respectively (HR: 0.86, 95% CI: 0.72-1.03; P = 0.11). Conversely, although the magnitude was slight, the secondary endpoint of progression-free survival was significantly in favor of the gefitinib arm, 4.6 months, as compared with the chemotherapy only group, 4.3 months (HR: 0.68, 95% CI: 0.57-0.80; P , 0.001). An exploratory subset analysis was performed that found a significant prolongation of overall survival in patients with adenocarcinoma. As the study was planned prior to the recognition that tumors harboring EGFR mutations are more likely to respond to gefitinib, outcomes by EGFR mutation status were not available. There was no difference in the results of the disease-related symptom assessment questionnaires. 28 Gaafar et al presented the results of the prematurely closed EORTC trial 08021 where patients with advanced NSCLC who showed no evidence of progression following four cycles of platinum-based induction chemotherapy were subsequently randomized to receive gefitinib (n = 86) vs placebo (n = 87). 29 The results of this study were presented in poster discussion forums at the 2010 annual American Society of Clinical Oncology and European Society of Medical Oncology meetings. Unfortunately the trial closed enrollment after accruing only 173 of a targeted 598 patients. This was attributed to the published results of two Phase III placebo-controlled trials, SWOG S0023 30 and Iressa Survival Evaluation in Lung Cancer (ISEL), 31 that showed no survival benefit with the use of gefitinib. There was a significant difference in the secondary endpoint of progression-free 
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Eadens et al survival in favor of the experimental arm (4.1 vs 2.9 months; HR: 0.61, 95% CI: 0.45-0.83; P = 0.0015). However, there was no difference in overall survival (10.9 vs 9.4 months; HR: 0.83, 95% CI: 0.60-1.15; P = 0.2). Toxicities were similar to previous studies employing tyrosine kinase inhibitors.
The Sequential Tarceva in Unresectable NSCLC (SAT-URN) trial was a Phase III placebo-controlled study designed to test the efficacy of erlotinib as maintenance treatment. 32 Unlike the aforementioned Japanese study of gefitinib, patients were additionally stratified by EGFR status. The study enrolled 1949 patients who received four cycles of platinum-based chemotherapy. The 889 patients (45%) who had no evidence of progressive disease were then randomized in a 1:1 fashion to receive erlotinib 150 mg/day (n = 438) or placebo (n = 451) until disease progression or unacceptable toxicity. Erlotinib demonstrated superiority over placebo in the primary endpoint of progression-free survival (12.3 vs 11.1 weeks, respectively; HR: 0.71, 95% CI: 0.62-0.82; P , 0.0001). This finding was irrespective of EGFR status, smoking history, gender, or histology, including those with squamous cell tumors. The greatest difference, however, was observed in those with EGFR-activating mutations (HR: 0.10, 95% CI: 0.04-0.25; P , 0.0001). Overall survival similarly favored erlotinib over placebo (12.0 vs 11.0 months, respectively; HR: 0.81, 95% CI: 0.70-0.95; P = 0.0243). However the dramatic difference noted in progression-free survival in the EGFR mutation group did not manifest with as great a difference in overall survival (HR: 0.77, 95% CI: 0.61-0.97; P = 0.0063) as expected in part attributed to the high degree of crossover (16 of 24 patients from the placebo arm). Not surprisingly the patients in the erlotinib arm experienced skin rash (60%) and diarrhea (18%). There was no difference in quality of life between the arms and erlotinib prolonged the time to pain and analgesic use. 32 As previously discussed, the IFCT-GFPC 0502 study presented by Perol et al (see Tables 1 and 4 ) compared the role of treatment with chemotherapy or a targeted agent against observation following induction chemotherapy. 11 A total of 464 patients without disease progression following four cycles of gemcitabine and cisplatin chemotherapy were subsequently randomized to receive gemcitabine (n = 149), erlotinib (n = 153), or observation (n = 152). One of the strengths of this study was the designation of pemetrexed as the second-line therapy of choice for all arms, thus limiting the influence of varied salvage regimens on overall survival differences. Erlotinib significantly improved progression-free survival as compared with observation (2.9 vs 1.9 months; HR: 0.82, 95% CI: 0.73-0.93; P = 0.002). However, at the time of last analysis, it demonstrated no improvement in overall survival (11.8 vs 10.7 months; HR: 0.91, 95% CI: 0.80-1.04; P = NS). The incidence of at least grade 3 toxicities with erlotinib was 14% and histology had no influence on the effect of erlotinib. 11 Finally, the ATLAS study presented by Kabbinavar et al at the 2010 annual American Society of Clinical Oncology meeting reported the outcomes of 768 patients with stage IIIB/IV NSCLC who had no evidence of disease progression following four cycles of platinum-based doublet chemotherapy in conjunction with bevacizumab and who were randomized to receive bevacizumab 15 mg/kg every three weeks in combination with erlotinib 150 mg/day vs bevacizumab and placebo. 33 The study met its primary endpoint of progression-free survival in favor of the erlotinib arm (4.8 vs 3.7 months; HR: 0.72, 95% CI: 0.59-0.88; P = 0.0012), and as a result was stopped early after the second planned interim analysis. However, at the time of the last analysis, although progression-free survival in the erlotinib arm was greater (15.9 vs 13.9 months), the difference in overall survival was not significant (HR: 0.90, 95% CI: 0.74-1.09; P = 0.2686). Skin rash and diarrhea were greater in the experimental arm as expected (10.4% vs 0.5% and 9.3 vs 0.8%, respectively). The authors did not report on quality of life outcomes. While this study showed the two drugs could be safely combined, it does not answer the question of whether or not bevacizumab should be continued following induction treatment.
Toxicity and quality of life
One important issue that needs to be considered when weighing the risks and benefits of maintenance therapy is toxicity. Although most of the studies report acceptable toxicity in the maintenance arm, many report some increase in grade 3 and 4 toxicities in patients receiving maintenance therapy. 11, 12, 16, 17, [20] [21] [22] 27 Maintenance therapy with the EGFR tyrosine kinase inhibitors appears to have the least toxicity, with the exception of the expected rash and diarrhea. When toxicity and quality of life were analyzed in the meta-analysis by Soon et al, adverse events were more common in the maintenance patients, and two of the seven trials that reported health-related quality of life outcomes did show trends toward a worse quality of life by extending chemotherapy. 8 In addition, it was reported that patients on maintenance chemotherapy required more transfusions compared with best supportive care (20% vs 6.3%, P = 0.018). 10 Even mild toxicity of maintenance therapy will compare unfavorably with the absence of treatment-related side effects associated with a chemotherapy holiday. 
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Cost-effectiveness of maintenance therapy
Very few data are available on the cost-effectiveness of maintenance treatment, but certainly this issue needs to be considered in light of the rising costs in health care and the overall modest benefits of maintenance therapy. A recent analysis by Klein et al compared the cost-effectiveness of maintenance pemetrexed with observation as well as with maintenance erlotinib or bevacizumab. 34 They employed a semi-Markov model that compared the impact of pemetrexed with other forms of maintenance therapy from a US payer perspective and concluded that maintenance pemetrexed was costeffective in patients with advanced nonsquamous NSCLC with an incremental cost per life-year gain of US $122,371 over observation. In contrast, a cost-utility analysis performed in Switzerland of the addition of cetuximab to first-line chemotherapy for advanced NSCLC concluded that cetuximab could not be routinely recommended due to a high incremental cost-effectiveness ratio. 35 Further analyses of cost compared with meaningful clinical benefit are needed.
Discussion
Maintenance therapy is one strategy that has shown promise in improving outcomes for patients with NSCLC.
Several cytotoxic and targeted therapies have demonstrated modest improvement, primarily in progression-free survival, but the degree of clinical benefit varies between agents and the clinical setting. Several Phase III trials are underway ( Table 5 ) that will hopefully further define the role of maintenance therapy for specific patient subsets.
Several issues arise when interpreting the data on maintenance therapy and deciding on how to incorporate them into clinical practice. For example, it can be hard to ascertain fully the incremental benefit of the maintenance agent, such as in the trials of the targeted drugs for continuation maintenance. These agents (cetuximab, 16, 17 erlotinib, 18, 19 gefitinib, 20, 21 and bevacizumab [22] [23] [24] ) were commonly included in the induction regimen for the experimental arm but not in the control arm. Additionally, the timing of therapy remains a key question when debating the risks and benefits of maintenance therapy. Delaying the use of second-line agents until clearcut disease progression spares the patient potential complications, toxicities, and increased health care contact. However, it is important to counsel patients that a significant proportion of people will not be well enough to receive second-line treatment.
Toxicities seem to be manageable in the maintenance setting based on reported adverse events although, as previously 
38
Eadens et al discussed, there are slight increases in grade 3 and 4 toxicities in many of the trials, and there may be an overall decrement in quality of life. 8 None of the trials reported grade 1 and 2 toxicities which, although mild, can still have a negative impact on a patient's day-to-day life, particularly when one starts using more than one maintenance drug. 33 One aspect of maintenance therapy that is not discussed is the intangible benefit of providing patients with time away from treatment. The cost of maintenance therapy is an important issue that needs further investigation, particularly in light of the current economic situation and the rising costs of health care. Issues of cost and toxicity underscore the importance of identifying subsets of patients likely to benefit from maintenance treatment instead of treating everyone in an unselected fashion.
Of the cytotoxic options, the strongest evidence is for switch maintenance therapy with pemetrexed in nonprogressing, nonsquamous histology patients. In current practice, many clinicians continue pemetrexed after its use in frontline treatment, presumably based on its benefits in switch maintenance trials and because pemetrexed is an attractive choice for first-line treatment given its favorable side effect profile. Unfortunately, we currently lack the Phase III data to support continuation maintenance with pemetrexed. The ongoing PARAMOUNT Phase III trial will hopefully provide the needed evidence to support what is now being commonly practiced (Table 5) . Erlotinib also appears to be beneficial as switch maintenance 11, 31 but not in continuation maintenance or in combination with induction chemotherapy. 18, 19 However, given the strong evidence that the tyrosine kinase inhibitors are most effective for patients with EGFR-mutant NSCLC, [36] [37] [38] [39] [40] it is difficult to recommend erlotinib maintenance to an unselected patient population. Docetaxel as switch maintenance also demonstrated a benefit but only in terms of progression-free survival.
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Conclusion
Patients who have demonstrated no evidence of disease progression following induction chemotherapy for NSCLC are candidates for maintenance therapy. At the present time, there is no blanket recommendation for maintenance treatment in patients with advanced NSCLC. Treatment recommendations should be individualized by the treating physician, with careful consideration of patient performance status and patient preference. Patients need to be made aware that while the toxicities reported in the maintenance arm of the trials were acceptable, chemotherapy holidays provide them with an interval free of treatment-related adverse effects. The current evidence from randomized Phase III trials shows a modest benefit to maintenance therapy, particularly in terms of progression-free survival. We feel that maintenance therapy should be considered in patients with a good performance status after a thorough discussion of the anticipated risks and the benefits with the individual patient and taking into account patient preference. If maintenance therapy is chosen, physicians should be aware that the most benefit has been shown with a switch maintenance approach.
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